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Description 

Description for the following Contracting States : BE, IT, NL, SE 
5 Field of the Invention 

This invention relates to a composition and a process for preparing compound metal oxides. More 
specifically, this invention relates to composition and a process for preparing compound metal oxides which 
have specific compositions and are useful as superconductor materials, oxygen sensors, catalysts, etc. 
w Especially, compound metal oxides of a rare earth metal, an alkaline earth metal and copper of specific 
compositions have recently drawn attention as superconductor materials which exhibit superconductivity at 
temperatures over 77K. 

Background of the Invention 

75 

As methods for preparing compound metal oxides, there have been known processes in which 

(1) Oxides, carbonates or oxalates of the respective component metals are physically mixed in the state 
of powder, whereafter the mixture is fired and pulverized; 

(2) Water-soluble salts such as nitrates of the respective component metals are dissolved in water to 
20 make a homogeneous solution, the metals are coprecipitated as insoluble hydroxide, carbonate, oxalates, 

etc. by addition of hydroxide ions, carbonate ions, oxalate ions, etc. the precipitate is collected and fired 
into a compound metal oxide, etc. 

In process (1), powders are mixed and fired. Therefore, the reaction proceeds from the contact 
boundaries of the powder particles and there remain some unreacted portions. Thus the product often 

25 deviates in composition from the intended exact composition. 

In process (2), the condition of precipitation differs from metal to metal. Therefore, a precipitate 
containing a rare earth metal, an alkaline earth metal and copper, for instance, in the content ratio exactly 
the same as the content ratio in the solution is not always formed. Therefore, a compound metal oxide of a 
composition different from that intended is inevitably formed. 

30 US -A- 4 485 094 describes the preparation of an continuous film of mixed metal oxides in which a 
solution of an alkoxide source of one of the metals, a chelate source of a second metal and sufficient 
solvent to solubilize these compounds is added with water, applied to the surface of a substrate to form a 
coating and then heated to at least 500* C to evaporate the solvent and produce the mixed oxide. 
The thus produced mixed metal oxide film is used to make electrodes for solar cells. 

35 The above-mentioned problems can be solved by heating for reaction a composition comprising an 
alkoxide of a rare earth metal, an alkoxide of an alkaline earth metal and an organic acid salt, a 0-diketone 
complex, a £-ketoester complex or a Schiff base chelate complex of copper, optionally containing an 
organic solvent, and thermally decomposing the reaction product. 

40 Summary of the Invention 



This invention provides a composition for preparing a compound oxides of a rare earth metal, an 
alkaline earth metal and copper in a specific content ratio, which contains: 

(1) an alkoxide of a rare earth metal, 

45 (2) an alkoxide of an alkaline earth metal, and 

(3) an organic acid salt, a 0-diketone complex, a 0-ketoester complex or a Schiff base chelate complex 
of copper 

in such content ratio that the amount of the rare earth metal in said alkoxide, the amount of the alkaline 
earth metal in said alkoxide and the amount of copper in said organic acid salt or complex correspond to 
so the amounts of these metals in the object compound metal oxide, and further optionally containing 

(4) an organic solvent. 

This invention also provides a process for preparing a compound metal oxide of a rare earth metal, an 
alkaline earth metal and copper in a specific content ratio, which comprises: 
heating for reaction a composition which contains: 
55 (1) an alkoxide of a rare earth metal, 

(2) an alkoxide of an alkaline earth metal, and 

(3) an organic acid salt, a /3-diketone complex, a j9-ketoester complex or a Schiff base chelate complex 
of copper, 
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in such content ratio that the amount of the rare earth metal in said alkoxide, the amount of the alkaline 
earth metal in said alkoxide and the amount of copper in said organic acid salt or complex correspond to 
the amounts of these metals in the object compound metal oxide, and optionally containing 
(4) an organic solvent; 
5 thermally decomposing the formed reaction product. 

Further, this invention describes the use of the compound metal oxides composition for forming thin film 
of the compound metal oxide. Said composition comprises the above-described composition to which a 
film-forming resin and an organic solvent are added. 

In the present invention, the term "rare earth metal" means Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, 
io Dy, Ho, Er, Tm, Yb and Lu. 

In the present invention, the term "alkaline earth metal" means Be, Mg, Ca, Sr and Ba. 
In the present invention, alkoxides of rare earth metals are represented by the formula R(OR') (OR 2 ) 
(OR 3 ), wherein R stands for one rare earth metal, R 1 R 2 and R 3 are the same or different Ci-C 6 alkyl 
groups. 

T5 In the present invention, alkoxides of alkaline earth metals are represented by the formula AfOR 1 ) (OR 2 ), 
wherein A stands for an alkaline earth metal and R 1 and R 2 are the same or different Ci-Ce alkyl groups. 

In the present invention, specific examples of the organic acid salts of copper are formate, propionate, 
acetate, citrate, gluconate, tartrate, oxalate, etc. 

0-Diketone complexes and j9-ketoester complexes of copper are represented by the formula Cu(OR) t - 
20 (X) m , wherein R is a Ci -C6 hydrocarbyl group, I = 0 or 1 ; m = 1 or 2 and 1 + m = 2; and X stands for a group 
represented by the formula 

R 2 R 2 

c c or c c 
i i . I 1 

0 0 0 0" 

wherein R 1 and R 2 are respectively a Ci-C* hydrocarbyl group, and R 3 is a hydrogen atom or a Ci-Ce 
hydrocarbyl group. 

Schiff base chelate complexes of copper are represented by the formula 

35 



40 




wherein R 1 and R 3 is -CH 3 , -C 2 H 5> C 5 H 5 or -CF 3 ; R 2 is -H, -CH 3 , - C 2 H 5 , -C G H 5 or -CF 3 ; and B is -(CH 2 ) n -, 
wherein n is 2, 3 or 4, 

50 



-CH, -CH«- 
CH3 



« - 'A' 
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Of these copper complexes, Schiff base chelate complexes are most preferable, because the solubility 
thereof in organic solvents is highest and thus compound metal oxides of higher copper content can be 
prepared. 

In the present invention, almost all organic solvents can be used if they dissolve the above-mentioned 
5 alkoxides, copper salts, and the above-mentioned copper complexes. 

Specific examples of such solvents are esters such as ethyl acetate, ethyl propionate, etc.; alcohols 
such as methyl alcohol, ethyl alcohol, n- and iso-propyl alcohol, n-, iso- and tert-butyl alcohol, octyl alcohol; 
aliphatic saturated hydrocarbons such as pentane, cyclohexane, methylcyclohexane, etc.; aromatic hy- 
drocarbons such as benzene, toluene xylene, etc.; cycloethers such as tetrahydrofuran, dioxane, etc.; 
w cellosolves such as methyl cellosolves, ethyl cellosolve, butyl cellosolve, etc. ; formamides such as 
dimethylformamide, diethylformamide, etc. ; sulfoxides such as dimethyl sulfoxide, diethyl sulfoxide, etc. ; 
ketones such as acetone, methylethylketone, etc. The solvents can be used singly or in combination. 

The solvent should preferably be well dried and free from carbon dioxide gas. 

The composition of the present invention can be prepared by simply mixing the component compounds 

75 each in an predetermined amount usually together with a suitable amount of a suitable solvent. In order to 
assist dissolution of the components, the mixture can be heated, but the temperature should not exceed 
100* C to avoid decomposition or premature reaction of the components. * 

The process of the present invention is carried out as follows. The above composition is heated usually 
with a solvent added usually preferably at the reflux temperature. A small amount of water can be added so 

20 as to promote the reaction. It is not yet well understood what is formed by this reaction. However, it is sure 
that a precursor substance for the compound metal oxide is formed. 

The thermal decomposition of this reaction product mixture is preferably conducted in the sprayed 
condition. For instance, the reaction product mixture can be sprayed into a heated quartz reaction tube 
through a pressure nozzle or a two-fluid nozzle. The reaction product mixture can be dropped onto a rapidly 

25 rotating disc and the formed fine drops are introduced into a high temperature reaction zone. Or, supersonic 
wave can be applied to the reaction product mixture so as to produce mist of the mixture, which is then 
introduced into a high temperature reaction zone. Thus the reaction product is thermally decomposed into 
the object compound oxide in the form of powder. Or, the reaction product mixture can be applied on the 
surface of a substrate and thermally decomposed. Thus a film of a compound metal oxide, a superconduc- 

30 five layer for instance, can be formed. 

The thermal decomposition of said reaction product mixture requires a temperature not lower than 
500 *C. But on the other hand, it is preferred to carry out the decomposition at a temperature not higher 
than 1000'C. If the decomposition occurs at a temperature in excess of 1000'C, thermal decomposition 
starts from the surface of the drops and polymerization of oxide is incomplete and thus hollow particles are 

35 formed. At temperatures below 500 'C, the thermal decomposition is insufficient and some reaction product 
remains although polymerization of the oxides proceeds. 

As mentioned above, the reaction product mixture can be applied on the surface of a substrate and 
thermally decomposed to form a compound metal oxide. In this case, cellulosic polymers such as methyl 
cellulose, ethyl cellulose, nitro cellulose, ethylhydroxyethyl cellulose, etc. are preferred as film-forming 

40 resins. One or more of these resins are added to the composition of the present invention. Benzene, 
toluene, methyl cellosolve, ethyl cellosolve, etc. are preferred solvents. 

Specific Disclosure of the Invention 

45 Now the invention will be explained by way of working examples and comparative examples. 

Example 1 

Lanthanum triethoxide La(OC 2 H 5 )3, strontium diethoxide Sr(OC2H 5 )2 and copper acetyl acetonate Cu- 
50 (CH 3 COCHCOCH 3 )2 were dissolved in ethanol in a dried nitrogen atmosphere in a content ratio that the 
atomic ratio La:Sr:Cu was 1.8:0.2:1, and the solution was heated under refluxing for 4 hours. Thus a reaction 
product mixture was obtained. After the pH thereof was adjusted to 10.0-11.0 by addition of ammoniacal 
water diluted with pure water, and heating was continued to effect hydrolysis. A precipitate was formed and 
heating was continued further for 3 hours under refluxing. The precipitate was collected by centrifugation of 
55 4000 rpm, and dried at 250 *C for 4 hours. The dried precipitate was fired in air at 1000 *C for 2 hours, the 
fired product was annealed at 900 * C for 3 hours and cooled in the furnace. Thus powder of the object 
compound metal oxide was obtained. 

According to the X-ray diffraction analysis, the composition of the obtained powder was almost perfectly 
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in accord with Lai. 8 Sro. 2 Cu04-x. wherein x is a small fraction which represents deviation from the 
stoichiometric relation, and cannot be specified for the time being. This powder was pelletized and its 
superconductivity critical temperature (Tc) was measured and it was proved to be 40K. 

5 Example 2 

Yttrium triisopropoxide Y[OCH(CH 3 ) 2 ] 3 , barium diisopropoxide Ba[OCH(CH 3 ) 2 ]2 and copper methoxy 
acetyl acetonate Cu(OCH 3 ) (CH 3 -COCHCOCH 3 ) were dissolved in anhydrous isopropyl alcohol in a dried 
nitrogen atomosphere in such content ratio that the atomic ratio Y:Ba:Cu is 1.2:0.8:1. The solution was 

w heated under refluxing and a homogeneous stable composition for preparing a compound metal oxide was 
obtained. The pH of this liquid was adjusted to 10.0 - 11. 0 by addition of ammonical water and hydrolysis 
was conducted by heating. After precipitate was formed, heating under refluxing was continued. The 
presipitate was collected by centrfugation of 4000 rpm, dried in a microwave oven for 30 minutes, and fired 
in air at 900 'C for 2 hours. The fired product was annealed at 900 °C for 4 hours and cooled in furnace. 

15 Thus the object compound metal oxide was obtained. 

According to the X-ray diffraction analysis, the composition of the obtained powder was Y 12 Bao. 8 Cu04. X( 
which was entirely in accord with the intended composition. The powder was pelletized and superconduc- 
tivity critical temperature (Tc) was measured and it was proved to be 100K. 

20 Example 3 - 20 and Comparative Example 1 - 2 

A plurality of compound metal oxides shown in Table 1 were prepared using starting materials indicated 
in the table by the same procedures as described above and superconductivity critical temperature was 
determined in the same manner. The results are shown in the same table. 

25 
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Example 21 

Yttrium triisopropoxide Y[OCH(CH 3 )2]3, barium diisopropoxide Ba[OCH(CH 3 -)2]2 and copper acetyl 
acetonate Cu(CH3COCHCOCH3>2 were respectively dissolved in isopropanol so that the concentration was 
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0.035 mol/t. 100 ml, 200 ml and 300 ml of the respective solutions were taken and mixed and stirred 
sufficiently. The resulting solution was heated under refluxing for 4 hours. 

The obtained reaction product mixture was sprayed into a quartz tube 90 mm in the inside diameter and 
1 m in length which was heated at 700 *C through a nozzle of 0.4 mm diameter by blowing air in as a 
5 carrier gas at the rate of 10 l/min. Additional air was blown in as an auxiliary carrier gas at the rate of 6 
t/min. Thus a compound metal oxide powder was obtained by thermal decomposition. 

X-ray diffraction analysis of this powder revealed that the composition of the compound was 
YBa2Cu3 07. x , which was the same content ratio of the metals as that in the initial solution. 

The obtained powder was observed under electron micrograph and was proved that the particle thereof 
w is a secondary particle which is filled with primary particles having a diameter of 0.03 urn. 

The powder was compacted into pellets and sintered at 900 *C for 2 hours, and the sintered pellets 
were annealed in an oxygen atmosphere at 850 *C for 10 hours and cooled slowly. The superconductivity 
critical temperature of this pellet was measured and it was revealed that this substance exhibits a constant 
value of Tc = 110K, and that the difference between the onset temperature and the end temperature was 
75 within 5K. 

Another portion of the above reaction product mixture was sprayed onto a hot plate heated at 500 *C 
through a double tube nozzle. The thermal decomposition product remained as powder on the hot plate was 
collected. Chemical analysis revealed that the composition of the powder was YBa2Cu30 7 . x - 

20 Example 22 

Ytterbium triethoxide Yb(OC 2 H5)3, barium diethoxide BA(OC2H 5 )2 and copper methoxy acetyl acetonate 
Cu(OCH 3 ) (CH3COCHCOCH3) were respectively dissolved in ethanol so that the concentration was 0.035 
mole/1.100 ml, 300 ml and 400 ml of the respective solutions were taken and mixed and stirred 

25 sufficiently. The resulting solution was heated under refluxing for 3 hours. The reaction product mixture was 
treated in the same manner as in Example 1, and a homogeneous and stable compound metal oxide was 
obtained. Physical properties of the thus obtained compound metal oxide powder were measured. The 
composition was cofirmed to be Yb 0 .25Bao.7 5 Cu0 3 . x by X-ray diffraction analysis. 

It was revealed from electron micrograph observation that the powder comprises secondary particles 

30 each packed with 0.03 am primary particles. Superconductivity critical temperature (Tc) was determined in 
the same manner as in Example 21 and it was 100K. The difference between the onset temperature and the 
end temperature was within 5K. 

Example 23 

35 

Thulium trimethoxide Tm(OCH 3 ) 3 , strontium dimethoxide Sr(OCH 3 ) 2 and copper acetyl acetonate Cu- 

(CH 3 COCHCOCH 3 )2 were respectively dissolved in methanol so that the concentration was 0.035 mol/l. 

300 ml, 100 ml and 200 ml of the respective solutions were taken and mixed and stirred sufficiently. The 

resulting solution was heated under refluxing for 4 hours. The reaction product mixture was treated in the 
40 same manner as in Example 21, and a homogeneous and stable compound metal oxide was obtained. 

Physical properties of the thus obtained compound metal oxide powder were measured. The composition 

was cofirmed to be Tmi. 5 Sro.5Cu0 3 .x by X-ray diffraction analysis. 

It was revealed by electron micrograph observation that the powder comprises secondary particles each 

packed with 0.02 urn primary particles. Superconductivity critical temperature (Tc) was determined in the 
45 same manner as in Example 21 and it was 47K. And the difference between the onset temperature and the 

end temperature was within 5K. 

Example 24 

50 Lanthanum triisopropoxide La[OC(OCH 3 ) 2 ] 3 , strontium diisopropoxide Sr[OC(CH 3 ) 2 ]2 and copper ace- 
tate Cu(CH 3 COO)2 were respectively dissolved in isopropanol so that the concentration was 0.035 mol/l. 
300 ml, 100 ml and 200 ml of the respective solutions were taken and mixed and stirred sufficiently. The 
resulting solution was heated under refluxing for 4 hours. The reaction product mixture was treated in the 
same manner as in Example 21, and a homogeneous and stable compound metal oxide was obtained. 

55 Physical properties of the thus obtained compound metal oxide powder were measured. The composition 
was cofirmed to be Laj.sSro.sCuOs.x by X-ray diffractometry. 

It was revealed by electron micrograph observation that the powder comprises secondary particles each 
packed with 0.02 urn primary particles. Superconductivity critical temperature (Tc) was determined in the 
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same manner as in Example 21. and it was 49K. The difference between the onset temperature and the end 
temperature was within 5K. 

Example 25 



4.7g of yttrium isopropoxide Y[(OCH(CH 3 )2]3 
8.9g of barium isopropoxide Ba[OCH(CH 3 >2]2 and 
15.0g of Schiff base chelate of copper 



w 



15 



20 




AA 



CH, 




CH, 



CH, 



25 



30 



(atomic ratio of Y:Ba:Cu = 1:2:3) were dissolved in 1 1 of CCVfree dried toluene by heating. To this solution 
40 mi of ammonical water (pH 11) was added. A precipitate was formed. It was collected by centrifugation 
of 4000rpm and fired at 1000'C for 2 hours. The fired product was annealed at 900 °C for 3 hours and 
cooled in the furnace . Thus the object compound metal oxide was prepared. According to X-ray diffraction 
analysis, the composition of the obtained powder was YBa 2 Cu3 0 7 -x. The powder was pelletized and 
superconductivity critical temperature (Tc) was determined and it was 90K. 

Example 26 - 29 



Each combination of an yttrium alkoxide, a barium alkoxide, Schiff base chelate of copper and a solvent 
shown in Table 2 was homogeneously mixed into a solution and the solution was heated under refluxing. 
35 The resulting composition was sprayed onto a PSZ 
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55 
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(partially stabilized zirconia) substrate plate heated at 500 *C so as to thermally decompose it and form a 
55 film of each compound metal oxide. The substrate with the film was heated at 800 # C in air for 3 hours. 
Thus coating layers of 0.5 - 2 u were formed. According to X-ray diffraction analysis, the formed coating 
film comprises more than 90% of YBa 2 Cu 3 07. x superconductive phase. The superconductivity critical 
temperature (Tc) was determined and it was 80 - 90K. 
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Example 30 (Reference) 

12.0g of copper acetyl acetonate Cu(CH 3 COCHCOCHa) 2 
was added to 1 1 of benzen solution containing: 
5 4.0g of yttrium isopropoxide Y[OCH(CH 3 )2]3 and 
7.8g of barium isopropoxide Ba[OCH(CH 3 )2];>. 

An insoluible precipitate was formed. It was revealed that the copper concentration could not be raised 
to higher than 3g/l. 

w Example 31 

Yttrium tri-n-butoxide Y(OC*H 9 ) 3 , barium di-n-butoxide Ba(OC4H 9 ) 2 and copper butoxy acetyl acetonate 
Cu(OC*H9)(CH 3 COCHCOCH 3 ) were dissolved in toluene in a molar ratio of 1:2:3 and the solution was 
heated under refluxing for 3 hours in a nitrogen atmosphere. Thereafater, ethyl cellulose was dissolved in 
75 the solution and thus a film-forming composition was obtained. 

The obtained film-forming composition was printed on a zirconia substrate plate through a 250 mesh 
screen made of stainless steel screen with the resist film of 10 urn thickness and preliminarily dried at 
150' C for 20 minutes and fired at 900 *C for 1 hour, and thus YBa2Cu 3 0 7 . x film was formed. The 
superconductivity critical temperature (Tc) was determined by the four probe mthod. It was 92K. Examples 
20 32 - 57, 59 - 60 and Comparative Examples 3 - 7 

By the same procedures as in Example 31, superconductive films were formed under the conditions 
indicated in Tables 3 and 4. The results are also indicated in the same tables. These films were very good 
in printability and homogenuity. 

25 Example 58 

Yttrium tri-n-butoxide Y(OC4H 9 ) 3l barium di-n-butoxide Ba(OC4H 9 ) 2 and Cu acetyl acetonate Cu- 
(CH 3 COCHCOCH 3 ) were dissolved in toluene in the molar ratio of 1:2:3 and the solution was heated under 
refluxing for 3 hours in a nitrogen atmosphere. Thereafter, ethyl cellulose was dissolved in the solution and 
30 thus a film-forming composition was obtained. An ink prepared with this film-forming composition was 
printed on a ziconia substrate plate using a 32 dot ink jet printer. A coating film of YBa2Cu3 07. x was formed. 
The superconductivity critical temperature (Tc) was determined by the four probe method and it was 92K. 
The results of Examples 31 - 60 and Comparative Examples 3 - 7 are also indicated in Tables 3 and 4. 
In the evaluation of printability, 
35 o means that no clogging of screen occurs; 

A means that slight clogging of screen occurs; and 
x means that clogging of screen occurs. 
In the evaluation of film strength, 
o means that no peeling-off occurs; and 
40 A means that peeling-off occurs sometimes. 
In the evaluation of smoothness, 
o means smooth; 
A means somewhat rough; and 
x means remarkably rough 
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Description for the following Contracting States : DE, FR, GB 

40 

Field of the Invention 

This invention relates to a composition and a process for preparing compound metal oxides. More 
specifically, this invention relates to composition and a process for preparing compound metal oxides which 
45 have specific compositions and are useful as superconductor materials, oxygen sensors, catalysts, etc. 
Especially, compound metal oxides of a rare earth metal, an alkaline earth metal and copper of specific 
compositions have recently drawn attention as superconductor materials which exhibit superconductivity at 
temperatures over 77 K. 

so Background of the Invention 

As methods for preparing compound metal oxides, there have been known processes in which 
(1) Oxides, carbonates or oxalates of the respective component metals are physically mixed in the state 
of powder, whereafter the mixture is fired and pulverized; 
55 (2) Water-soluble salts such as nitrates of the respective component metals are dissolved in water to 
make a homogeneous solution, the metals are coprecipitated as insoluble hydroxide, carbonate, oxalates, 
etc. by addition of hydroxide ions, carbonate ions, oxalate ions, etc. the precipitate is collected and fired 
into a compound metal oxide, etc. 
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In process (1), powders are mixed and fired. Therefore, the reaction proceeds from the contact 
boundaries of the powder particles and there remain some unreacted portions. Thus the product often 
deviates in composition from the intended exact composition. 

In process (2), the condition of precipitation differs from metal to metal. Therefore, a precipitate 
5 containing a rare earth metal, an alkaline earth metal and copper, for instance, in the content ratio exactly 
the same as the content ratio in the solution is not always formed. Therefore, a compound metal oxide of a 
composition different from that intended is inevitably formed. 

EP-A-280 292 discloses for the Contracting States DE, FR and GB an oxide superconductive material 
and a method for preparing it by 
w - dissolving at least one alkoxide, carboxylate or acetyl acetonate of a single element of the groups la, 
Ha and Ilia of the periodic table and at least one one alkoxide. carboxylate or acetyl acetonate of a 
single element of the groups lb, lib and 1Mb in an appropriate solvent, 

- adding water to the solution to hydrolyze the substances and 

- heating the solution. 

15 US-A-4 485 094 describes the preparation of a continuous film of mixed metal oxides in which a 
solution of an alkoxide source of one of the metals, a chelate source of a second metal and sufficient 
solvent to solubilize these compounds is added with water, applied to the surface of a substrate to form a 
coating and then heated to at least 500 * C to evaporate the solvent and produce the mixed oxide. 
The thus produced mixed metal oxide film is used to make electrodes for solar cells. 

20 The above-mentioned problems can be solved by heating for reaction a composition comprising an 
alkoxide of a rare earth metal, an alkoxide of an alkaline earth metal and a Schiff base chelate complex of 
copper, optionally containing an organic solvent, and thermally decomposing the reaction product. 

Summary of the Invention 



This invention provides a composition for preparing a compound oxides of a rare earth metal, an 
alkaline earth metal and copper in a specific content ratio, which contains: 

(1) an alkoxide of a rare earth metal, 

(2) an alkoxide of an alkaline earth metal, and 
30 (3) a Schiff base chelate complex of copper 

in such content ratio that the amount of the rare earth metal in said alkoxide, the amount of the alkaline 
earth metal in said alkoxide and the amount of copper in said complex correspond to the amounts of these 
metals in the object compound metal oxide, and further optionally containing 
(4) an organic solvent. 

35 This invention also provides a process for preparing a compound metal oxide of a rare earth metal, an 
alkaline earth metal and copper in a specific content ratio, which comprises: 
heating for reaction a composition which contains: 

(1) an alkoxide of a rare earth metal, 

(2) an alkoxide of an alkaline earth metal, and 
40 (3) a Schiff base chelate complex of copper, 

in such content ratio that the amount of the rare earth metal in said alkoxide, the amount of the alkaline 
earth metal in said alkoxide and the amount of copper in said complex correspond to the amounts of these 
metals in the object compound metal oxide, and optionally containing 
(4) an organic solvent; 
45 thermally decomposing the formed reaction product. 

Further, this invention describes the use of the compound metal oxides composition for forming thin film 
of the compound metal oxide. Said composition comprises the above-described composition to which a 
film-forming resin and an organic solvent are added. 

In the present invention, the term "rare earth metal" means Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, 
so Dy, Ho, Er, Tm, Yb and Lu. 

In the present invention, the term "alkaline earth metal" means Be, Mg, Ca, Sr and Ba. 
In the present invention, alkoxides of rare earth metals are represented by the formula R(OR 1 )(OR 2 )- 
(OR 3 ), wherein R stands for one rare earth metal, R 1 R 2 and R 3 are the same or different Ci-Cs alkyl 
groups. 

55 In the present invention, alkoxides of alkaline earth metals are represented by the formula AfOR^OR 2 ), 
wherein A stands for an alkaline earth metal and R 1 and R 2 are the same or different Ci-Ce alkyl groups. 
Schiff base chelate complexes of copper are represented by the formula 
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15 



wherein R 1 and R 3 is -CH 3 , -C 2 H 5 , CgHb or -CF 3 ; R 2 is -H, -CH 3 , • C 2 H 5 , -CgH 5 or -CF 3 ; and B is -(CH 2 ) n - 
wherein n is 2, 3 or 4, 
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-CH.-CH,- 



Cff 3 




25 Because the solubility of Schiff base chelate complexes in organic solvents is highest, compound metal 
oxides of higher copper content can be prepared. 

In the present invention, almost all organic solvents can be used if they dissolve the above-mentioned 
alkoxides and the above-mentioned copper complexes. 

Specific examples of such solvents are esters such as ethyl acetate, ethyl propionate, etc. ; alcohols 
30 such as methyl alcohol, ethyl alcohol, n- and iso-propyl alcohol, n-, iso- and tert-butyl alcohol, octyl alcohol; 
aliphatic saturated hydrocarbons such as pentane, cyclohexane, methylcyclohexane, etc. ; aromatic hy- 
drocarbons such as benzene, toluene, xylene, etc. ; cycloethers such as tetrahydrofuran, dioxane, etc. ; 
cellosolves such as methyl cellosolves, ethyl cellosolve, butyl cellosolve, etc. ; formamides such as 
dimethylformamide, diethylformamide, etc. ; sulfoxides such as dimethyl sulfoxide, diethyl sulfoxide, etc. ; 
35 ketones such as acetone, methylethyiketone, etc. The solvents can be used singly or in combination. 
The solvent should preferably be well dried and free from carbon dioxide gas. 

The composition of the present invention can be prepared by simply mixing the component compounds 
each in an predetermined amount usually together with a suitable amount of a suitable solvent. In order to 
assist dissolution of the components, the mixture can be heated, but the temperature should not exceed 

40 100"C to avoid decomposition or premature reaction of the components. 

The process of the present invention is carried out as follows. The above composition is heated usually 
with a solvent added usually preferably at the reflux temperature. A small amount of water can be added so 
as to promote the reaction. It is not yet well understood what is formed by this reaction. However, it is sure 
that a precursor substance for the compound metal oxide is formed. 

45 The thermal decomposition of this reaction product mixture is preferably conducted in the sprayed 
condition. For instance, the reaction product mixture can be sprayed into a heated quartz reaction tube 
through a pressure nozzle or a two-fluid nozzle. The reaction product mixture can be dropped onto a rapidly 
rotating disc and the formed fine drops are introduced into a high temperature reaction zone. Or, supersonic 
wave can be applied to the reaction product mixture so as to produce mist of the mixture, which is then 

50 introduced into a high temperature reaction zone. Thus the reaction product is thermally decomposed into 
the object compound oxide in the form of powder. Or, the reaction product mixture can be applied on the 
surface of a substrate and thermally decomposed. Thus a film of a compound metal oxide, a superconduc- 
tive layer for instance, can be formed. 

The thermal decomposition of said reaction product mixture requires a temperature not lower than 

55 500 *C. But on the other hand, it is preferred to carry out the decomposition at a temperature not higher 
than 1000 *C. If the decomposition occurs at a temperature in excess of 1000'C, thermal decomposition 
starts from the surface of the drops and polymerization of oxide is incomplete and thus hollow particles are 
formed. At temperatures below 500 *C, the thermal decomposition is insufficient and some reaction product 
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remains although polymerization of the oxides proceeds. 

As mentioned above, the reaction product mixture can be applied on the surface of a substrate and 
thermally decomposed to form a compound metal oxide. In this case, cellulosic polymers such as methyl 
cellulose, ethyl cellulose, nitro cellulose, ethylhydroxyethyl cellulose, etc. are preferred as film-forming 
5 resins. One or more of these resins are added to the composition of the present invention. Benzene, 
toluene, methyl cellosolve, ethyl cellosolve, etc. are preferred solvents. 

Specific Disclosure of the Invention 

w Now the invention will be explained by way of working examples and comparative examples. 

Example 1 

4.7g of yttrium isopropoxide Y[(OCH(CH 3 >2] 3 
75 8.9g of barium isopropoxide Ba[OCH(CH 3 )2]2 and 
15.0g of Schiff base chelate of copper 



20 




(atomic ratio of Y:Ba:Cu = 1:2:3) were dissolved in U of CCVfree dried toluene by heating. To this solution 
40 ml of ammonical water (pH 11) was added. A precipitate was formed. It was collected by centrifugation 
35 of 4000rpm and fired at 1000'C for 2 hours. The fired product was annealed at 900 *C for 3 hours and 
cooled in the furnace. Thus the object compound metal oxide was prepared. According to X-ray diffraction 
analysis, the composition of the obtained powder was YBa2Cu3 0 7 . x - The powder was pelletized and 
superconductivity critical temperature (Tc) was determined and it was 90K. 

40 Example 2 - 5 

Each combination of an yttrium alkoxide, a barium alkoxide, Schiff base chelate of copper and a solvent 
shown in Table 1 was homogeneously mixed into a solution and the solution was heated under refluxing. 
The resulting composition was sprayed onto a PSZ (partially stabilized zirconia) substrate plate heated at 
45 500' C so as to thermally decompose it and form a film of each compound metal oxide. The substrate with 
the film was heated at 800 *C in air for 3 hours. Thus coating layers of 0.5 - 2 urn were formed. According 
to X-ray diffraction analysis, the formed coating film comprises more than 90% of YBa2Cu 3 07. x supercon- 
ductive phase. The superconductivity critical temperature (Tc) was determined and it was 80 - 90K. 

50 Example 6 (Reference) 

12.0g of copper acetyl acetonate Cu(CH 3 COCHCOCH 3 )2 
was added to U of benzene solution containing: 

4.0g of yttrium isopropoxide Y[OCH(CH 3 )2] 3 and 
55 7.8g of barium isopropoxide Ba[OCH(CH 3 ) 2 ]2, 

An insotulible precipitate was formed. It was revealed that the copper concentration could not be raised 
to higher than 3g/l . 
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Claims 

55 Claims for the following Contracting States : BE, IT, NL, SE 

1, A composition for preparing a compound oxide o1 a rare earth metal, an alkaline earth metal and 
cooper in a specific content ratio which contains: 
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(1) an alkoxide of a rare earth metal, 

(2) an alkoxide of an alkaline earth metal, and 

(3) an organic acid salt, a 0-diketone complex, 0-ketoester complex or a Schiff base chelate 
complex of copper, 

5 in such content ratio that the amount of rare earth metal in said alkoxide, the amount of the alkaline 
earth metal in said alkoxide and the amount of copper in said organic acid salt or complex correspond 
to the amounts of these metals in the object compound metal oxide, and optionally 

(4) an organic solvent. 

w 2. Composition according to claim 1, which is diluted with a solvent. 

3. Composition according to claim 1 or 2, which comprises an alkoxide of a rare earth metal, an alkoxide 
of an alkaline earth metal and a Schiff base chelate complex of copper. 

75 4. Process for preparing a composition according to claims 1 to 3 by heating the solution of the 
compounds and thereby producing the compound metal oxide, 
characterized by 

(A) preparing a solution which comprises 
(1) an alkoxide of a rare earth metal, 

20 (2) an alkoxide of an alkaline earth metal, and 

(3) a organic acid salt, a 0-diketone complex, a 0-ketoester complex or a Schiff base chelate 
complex of copper, 

in such content ratio that the amount of rare earth metal in said alkoxide, the amount of the alkaline 
earth metal in said alkoxide and the amount of copper in said organic salt or complex correspond to 
25 the amounts of these metals in the object compound metal oxide, and optionally 

(4) an organic solvent. 

(B) healing the solution at the reflux temperature, 

(C) thermally decomposing the formed reaction product. 

30 5. Process according to claim 4, characterized in that the composition comprises an alkoxide of an rare 
earth metal, an alkoxide of an alkaline earth metal and a Schiff base chelate complex of copper. 

6. Process according to claim 4 or 5, characterized in that the thermal decomposition of the reaction 
product is conducted by heating it in the sprayed form. 

35 

7. Use of the composition according to claims 1 to 3 for forming thin films of the compound metal oxide. 

8. Use according to claim 7, characterized in that a film-forming resin is used. 

40 9. Use according to claim 7 and 8, characterized in that ethyl cellulose, nitrocellulose or ethylhydroxycel- 
lulose is used as film-forming resin. 

Claims for the following Contracting States : DE, FR, GB 

45 1. A composition for preparing a compound oxide of a rare earth metal, an alkaline earth metal and 
cooper in a specific content ratio which contains: 

(1) an alkoxide of a rare earth metal, 

(2) an alkoxide of an alkaline earth metal, and 

(3) a Schiff base chelate complex of copper, 

50 in such content ratio that the amount of rare earth metal in said alkoxide, the amount of the alkaline 
earth metal in said alkoxide and the amount of copper in said Schiff base chelate complex correspond 
to the amounts of these metals in the object compound metal oxide, and optionally 

(4) an organic solvent. 

55 2. Composition according to claim 1, which is diluted with a solvent. 

3. Process for preparing a composition according to claim 1 or 2 by heating the solution of the 
compounds and thereby producing the compound metal oxide, 
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characterized by 

(A) preparing a solution which comprises 

(1 ) an alkoxide of a rare earth metal, 

(2) an alkoxide of an alkaline earth metal, and 
5 (3) a Schiff base chelate complex of copper, 

in such content ratio that the amount of rare earth metal in said alkoxide, the amount of the alkaline 
earth metal in said alkoxide and the amount of copper in said Schiff base chelate complex 
correspond to the amounts of these metals in the object compound metal oxide, and optionally 
(4) an organic solvent. 
jo (B) heating the solution at the reflux temperature, 

(C) thermally decomposing the formed reaction product. 

4. Process according to claim 3, characterized in that the thermal decomposition of the reaction product is 
conducted by heating it in the sprayed form. 

75 

5. Use of the composition according to claim 1 or 2 for forming thin films of the compound metal oxide. 

6. Use according to claim 5, characterized in that a film-forming resin is used. 

20 7. Use according to claim 5 and 6, characterized in that ethyl cellulose, nitrocellulose or ethylhydroxycel- 
lulose is used as film-forming resin. 

PatentansprUche 

Patentanspruche fur folgende Vertragsstaaten : BE, IT, NL, SE 

25 

1. Zusammensetzung zur Herstellung eines Verbundoxids eines Seltenerdmetalls, eines Erdalkalimetalls 
und Kupfer in einem spezifischen Mengenverhaltnis enthaltend: 

(1) ein Alkoxid eines Seltenerdmetalls, 

(2) ein Alkoxid eines Erdalkalimetalls und 

30 (3) ein Salz einer organischen Saure, einen /3-Diketon-Komplex, 0-Ketoester- Komplex Oder einen 

Schiff'schen Basen-Chelatkomplex von Kupfer, 
in einem solchen Mengenverhaltnis, da/3 die Menge an Seltenerdmetall in dem genannten Alkoxid, die 
Menge an Erdalkalimetall in dem genannten Alkoxid und die Menge an Kupfer in dem genannten Salz 
einer organischen Saure oder in dem Komplex den Mengen an diesen Metallen in dem gewunschten 
35 Verbund-Metalloxid entspricht, und gegebenenfalls 
(4) ein organisches Losungsmittel. 

2. Zusammensetzung nach Anspruch 1, die mit einem Losungsmittel verdunnt ist 

40 3. Zusammensetzung nach Anspruch 1 oder 2, die ein Alkoxid eines Seltenerdmetalls, ein Alkoxid eines 
Erdalkalimetalls und einen Schiff'schen Basen-Chelatkomplex von Kupfer enthalt. 

4. Verfahren zur Herstellung einer Zusammensetzung nach den Anspruchen 1 bis 3 durch Erhitzen der 
Losung der Bestandteile und dadurch Bilden des Verbund-Metalloxids, 
45 gekennzeichnet durch 

(A) Herstellen einer Losung enthaltend 

(1 ) ein Alkoxid eines Seltenerdmetalls, 

(2) ein Alkoxid eines Erdalkalimetalls und 

(3) ein Salz einer organischen Saure, einen 0-Diketon-Komplex, 0-Ketoester-Komplex oder einen 
50 Schiff'schen Basen-Chelatkomplex von Kupfer, 

in einem solchen Mengenverhaltnis, da/3 die Menge an Seltenerdmetall in dem genannten Alkoxid, 
die Menge an Erdalkalimetall in dem genannten Alkoxid und die Menge an Kupfer in dem genannten 
Salz einer organischen Saure oder in dem Komplex den Mengen an diesen Metallen in dem 
gewUnschten Verbund-Metalloxid entspricht, und gegebenenfalls 
55 (4) ein organisches Losungsmittel, 

(B) Erhitzen der Losung auf RuckfluCtemperatur, 

(C) thermisches Zersetzen des gebildeten Reaktionsproduktes. 
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5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daC die Zusammensetzung ein Alkoxid eines 
Seltenerdmetalls, ein Alkoxid eines Erdalkalimetalls und einen Schiff'schen Basen-Chelatkomplex von 
Kupfer enthalt. 

5 6. Verfahren nach Anspruch 4 oder 5, dadurch gekennzeichnet, dafl die thermische Zersetzung des 
Reaktionsproduktes durch Erhitzen des Produkts in verspruhter Form durchgefuhrt wird. 

7. Verwendung der Zusammensetzung nach den AnsprUchen 1 bis 3 zur Herstellung von dunnen Filmen 
des Verbund-Metalloxids. 

w 

8. Verwendung nach Anspruch 7, dadurch gekennzeichnet, dafl ein filmbildendes Harz verwendet wird. 

9. Verwendung nach Anspruch 7 oder 8, dadurch gekennzeichnet. dafl Ethylcellulose, Nitrocellulose oder 
Ethylhydroxycellulose als filmbildendes Harz verwendet wird 

15 

Patentanspruche fur folgende Vertragsstaaten : DE, FR, GB 

1. Zusammensetzung zur Herstellung eines Verbundoxids eines Seltenerdmetalls, eines Erdalkalimetalls 
und Kupfer in einem spezifischen Mengenverhaltnis enthaltend: 

20 (1) ein Alkoxid eines Seltenerdmetalls, 

(2) ein Alkoxid eines Erdalkalimetalls und 

(3) einen Schiff'schen Basen-Chelatkomplex von Kupfer, 

in einem solchen Mengenverhaltnis, da/3 die Menge an Seltenerdmetall in dem genannten Alkoxid, die 
Menge an Erdal kali metal I in dem genannten Alkoxid und die Menge an Kupfer in dem genannten 
25 Schiff'schen Basen-Chelatkomplex den Mengen an diesen Metallen in dem gewunschten Verbund- 
Metalloxid entspricht, und gegebenenfalls 

(4) ein organisches Ldsungsmittel. 

2. Zusammensetzung nach Anspruch 1, die mit einem Losungsmitte! verdLinnt ist. 

30 

3. Verfahren zur Herstellung einer Zusammensetzung nach Anspruch 1 Oder 2 durch Erhitzen der Losung 
der Bestandteile und dadurch Bilden des Verbund-Metalloxids, 

gekennzeichnet durch 

(A) Herstellen einer Losung enthaltend 
35 (1) ein Alkoxid eines Seltenerdmetalls, 

(2) ein Alkoxid eines Erdalkalimetalls und 

(3) einen Schiff'schen Basen-Chelatkomplex von Kupfer, 

in einem solchen Mengenverhaltnis, dafl die Menge an Seltenerdmetall in dem genannten Alkoxid, 
die Menge an Erdalkalimetall in dem genannten Alkoxid und die Menge an Kupfer in dem genannten 
40 Schiff'schen Basen-Chelatkomplex den Mengen an diesen Metallen in dem gewunschten Verbund- 

Metalloxid entspricht, und gegebenenfalls 

(4) ein organisches LOsungsmittel, 

(B) Erhitzen der Losung auf Ruckflufltemperatur, 

(C) thermisches Zersetzen des gebildeten Reaktionsproduktes. 

45 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, da/J die thermische Zersetzung des Reaktions- 
produktes durch Erhitzen des Produkts in verspruhter Form durchgefuhrt wird. 

5. Verwendung der Zusammensetzung nach den Anspruch 1 Oder 2 zur Herstellung von dOnnen Filmen 
so des Verbund-Metalloxids. 

6. Verwendung nach Anspruch 5, dadurch gekennzeichnet, dafi ein filmbildendes Harz verwendet wird. 

7. Verwendung nach Anspruch 5 oder 6, dadurch gekennzeichnet, dafi Ethylcellulose, Nitrocellulose oder 
55 Ethylhydroxycellulose als filmbildendes Harz verwendet wird. 

Revendications 

Revendications pour les Etats contractants suivants : BE, IT, NL, SE 
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1. Composition pour la preparation d'un compose d'oxyde d'un metal de terre rare, d'un metal alcalino- 
terreux et de cuivre dans un rapport de teneur specifique qui contient : 

(1) un alcoxyde d'un metal de terre rare, 

(2) un alcoxyde d'un metal alcalino-terreux, et 

s (3) un sel d'acide organique, un complexe de 0-dicetone, un complexe de 0-cetoester ou un 

complexe chelate de base Schiff de cuivre, 
dans un rapport de teneur tel que la quantite du metal de terre rare dans I'alcoxyde, la quantite du 
metal alcalino-terreux dans I'alcoxyde et la quantite de cuivre dans le sel d'acide organique ou dans le 
complexe correspond aux quantitds de ces metaux dans le compost d'oxyde metallique de I'objet, et 
;o facultativement 

(4) un solvant organique. 

2. Composition selon la revendication 1 , qui est diluee avec un solvant. 

75 3. Composition selon la revendication 1 ou 2, qui comprend un alcoxyde d'un metal de terre rare, un 
alcoxyde d'un metal alcalino-terreux et un complexe chelate de base de Schiff de cuivre. 

4. Proc^de pour la preparation d'une composition selon les revendications 1 a 3 en chauffant la solution 
des composes en conduisant ainsi le compose d'oxyde metallique 

20 caracterise par les etapes consistant a 

(A) preparer une solution qui comprend 

(1) un alcoxyde d'un metal de terre rare, 

(2) un alcoxyde d'un metal alcalino-terreux, et 

(3) un sel d'acide organique, un complexe de 0-dicetone, un complexe de 0-cetoester ou un 
26 complexe chelate de base Schiff de cuivre, 

dans un rapport de teneur tel que la quantite du metal de terre rare dans I'alcoxyde, la quantite du 
metal alcalino-terreux dans I'alcoxyde et la quantite de cuivre dans le sel organique ou dans le 
complexe correspond aux quantites de ces metaux dans le compost d'oxyde metallique de I'objet 
et facultativement 
30 (4) un solvant organique. 

(B) chauffer la solution a la temperature de reflux, 

(C) decomposer thermiquement le produit reactionnel forme. 

5. Procede selon la revendication 4, caracterise en ce que la composition comprend un alcoxyde d'un 
35 m£tal de terre rare, un alcoxyde d'un metal alcalino-terreux et un complexe chelate de base Schiff de 

cuivre. 

6. Procede selon la revendication 4 ou 5, caracterise en ce que la decomposition thermique du produit 
reactionnel est conduite en la chauffant sous la forme pulverisee. 

40 

7. Utilisation de la composition selon les revendications 1 a 3 pour former de minces pellicules du 
compose d'oxyde metallique. 

8. Utilisation selon la revendication 7, caracterise en ce que Ton utilise une resine formant une pellicule. 

45 

9. Utilisation selon les revendications 7 et 8, caracterisee en ce que I'on utilise de I'ethylcellulose, de la 
nitrocellulose ou de rethylhydroxycellulose en tant que resine formant une pellicule. 

Revendications pour les Etats contractants sulvants : DE, FR, GB 

50 

1. Composition pour la preparation d'un compose d'oxyde d'un metal de terre rare, d'un metal alcalino- 
terreux et de cuivre dans un rapport de teneur specifique qui contient : 

(1) un alcoxyde d'un metal de terre rare, 

(2) un alcoxyde d'un metal alcalino-terreux, et 
55 (3) un complexe chelate de base Schiff, 

dans un rapport de teneur tel que la quantite de metal de terre rare dans I'alcoxyde, la quantite du 
metal alcalino-terreux dans I'alcoxyde et la quantite de cuivre dans le complexe chelate de base Schiff 
correspond aux quantites de ces metaux dans le compose d'oxyde metallique de I'objet et facultative- 
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ment 

(4) un sotvant organique. 
Composition selon la revendication 1 , qui est dilute avec un solvant. 

Procede pour la preparation d'une composition selon la revendication 1 ou 2 en chauffant la solution 
des composes et en produisant ainsi le compose d'oxyde metallique, 
caracterise par les etapes consistant a 

(A) preparer une solution qui comprend 

(1) un alcoxyde d'un metal de terre rare, 

(2) un alcoxyde d'un metal alcalino-terreux, et. 

(3) un complexe chelate de base Schiff de cuivre, 

dans un rapport de teneur tel que la quantity du metal de terre rare dans I'alcoxyde, la quantity du 
metal alcalino-terreux dans I'alcoxyde et la quantite de cuivre dans le complexe chelate de base 
Schiff correspond aux quantites de ces metaux dans le compose d'oxyde metallique de I'objet et 
facultativement 

(4) un solvant organique. 

(B) chauffer la solution a la temperature de reflux, 

(C) decomposer thermiquement le produit reactionnel forme. 

Procede selon la revendication 3, caracterise en ce que la decomposition thermique du produit 
reactionnel est conduite en le chauffant sous la forme pulverisee. 

Utilisation de la composition selon la revendication 1 ou 2, destinee a former des pellicules minces du 
compose d'oxyde metallique. 

Utilisation selon la revendication 5, caracterisee en ce que Ton utilise une resine lormant une pellicule. 

Utilisation selon les revendications 5 et 6, caracterisee en ce que Ton utilise de I'ethylcellulose, de la 
nitrocellulose ou de I'ethylhydroxycellulose comme resine formant une pellicule. 
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